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Abstract
Using the method of limitless broad of the banding and the elasticity complex function we give an analytic solution 
fitting to the roof stress of coal floor, and it is easily to achieve the roof stress distribution according to formulations
and numerical integration. In addition, a practical model is calculated by the theoretic formulations and the finite 
element method (ANSYS program) in the paper, and the results calculated by the two methods are also compared 
with each other.
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1. Introduction
During the process of coal mining exploitation, how to control the roof becomes extremely vital. Roof 
stress was usually calculated via beam model, for example, voussoir beam theory. One displacement  
pattern was found by continuous beam to calculate roof stress [1]. Cantilever beam model and thin plate 
model were used to analyse the stress and displacement of the roof and to predict the coming stress [2-4]. 
Numerical simulation was also an important method of roof stress calculation. Three-dimensional stress 
status of country rock and roof was simulated by ADINA [5] .The stress of stiff roof in top-coal caving 
was calculated by finite element method [6].The result of roof stress has bigger discrepancy with actual 
condition because the stress of rock stratum is ignored in beam model. The thin plate model can not be 
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used if the roof is thick. It has the slow convergence velocity to make use of the Fourier series method, 
which is not convenient for the practical calculation. This paper gives an analytic solution fitted to roof 
stress of coal roof, using analysis method of limitless broad of the banding by the complex function in 
elasticity, and proceeds example calculation.
This paper is divided into four sections as follows:
In section one of this paper the roof of coal floor is simplified. The 2nd section provides stress 
calculation method of limitless broad of the banding. Section 3 gives an example calculation. Section 4 
gives the results of numerical simulation and compares with the theoretical results. The conclusion and 
summary are given in the last section.
2. Simplification of Coal Floor Roof
In the exploitation of coal resources, it usually adopts the mode of prearranging pillar brace. The roof 
pressure from the upper coal floor can be simplified as the model in Fig.1. The simplified mechanical 
model can be seen as Fig.2.
Fig.1 structure chart of coal floor roof                  Fig.2 free body diagram of limitless board of the banding
In Fig.2, p0 represents the upper load. Due to the differences made by the support of unexploited coal 
floor and the roof forces from the artificial timbering, the intensity from the lower load is also different. p1
and p2 represent the left and right load in the lower part respectively, besides, p1= n·p2 (n as any rational 
number). 2δ is the range of the upper load, and the ranges of the left and right side load in the lower part 
are represented by 12ε and 22ε ,  the distances between the centre of the lower load and x axis are R1 and
R2, a is the thickness of the roof.
3. Calculation of Limitless Board of the Banding
When the length of the banding board is much longer than the width, it can be regarded as limitless. 
Fig.2 shows the stress function )(zϕ and )(zψ of the limitless long board [7].
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Substituting the boundary conditions into Eq.(1) and Eq.(2), the expression of ( )a t , ( )b t , ( )c t and
( )d t can be obtained:
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In Eq.(3)-(6), the function ( )t∏ and ( )tΧ can be expressed as the following:
1 2 3 4( ) sin sin (sin sin )t C t C t n C t C tΠ = − + −                                          (7)
1 2 3 4( ) cos cos (cos cos )t C t C t n C t C tΧ = − − −                                         (8)
where 1 1 1C R ε= + , 2 1 1C R ε= − , 3 2 2C R ε= + , 4 2 2C R ε= − .
Substituting Eq.(3) into Eq.(1) and Eq.(2), based on the stress formula of complex function method [8],
2Re[ ( )] Re[ ( ) ( )]x z z z zσ φ φ ψ′ ′′ ′= − +                                               (9)
2Re[ ( )] Re[ ( ) ( )]y z z z zσ φ φ ψ′ ′′ ′= + +                                             (10)
The stress analytical expression of limitless board of the banding can be made in the following way [9]:
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Even though the above stress expressions can be very complicated, it is very convenient for the 
numerical calculation.
4. Examples
Distance from the centre in the left coal pillar to x axis is shown: R1=14.6m; distance from the centre 
in the right coal pillar to x axis is shown: R2=28.05m;  the upper load from the roof: p0=17.5MPa , the 
supporting load from the left coal pillar in the bottom is p1=23.5MPa, n=0.8, the width of left coal pillar 
is 12ε =19.2m, and the width of right coal pillar is 22ε =46.1m, the range from the upper load is 
2δ =75.3m, the roof thickness a=40m. The fracture failure of coal roof is mainly caused by the vertical 
stress, so the following calculation only includes the isopleth map of vertical and horizontal stress. 
Vertical and horizontal stress distributions can be gained through numerical integration and are shown in 
the Fig.3 and Fig.4.
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Fig.3 isopleth map of vertical stress                                        Fig.4 isopleth map of horizontal stress
Based on the diagram, it can be concluded that the vertical stresses yσ around coal pillar are greater 
and all of the stresses are compressive; while, stresses are decreasing as the distance is far away from the 
coal pillar, which indicates that the load only has greater effect on its own range.
5. Result of Numerical Simulation
In the numerical method, finite element method and finite difference method are used most widely.
The majority of application used in commercial software is finite element method. Following the issue is 
calculated with ANSYS.
In the numerical calculation, considering the actual situation, the model size is 800*40m2; horizontal 
displacements of left and right ends are fixed. Material constants: elastic modulus of roof (E) is 20GPa,
Poisson's ratio (υ) is 0.3. Numerical simulation results are as follows.
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Fig.5 isopleth map of vertical stress calculated by ANSYS    Fig.6 isopleth map of horizontal stress calculated by ANSYS
Table 1 Stress value of the endpoint (Unit: MPa)
nodal point
stress
left point of 
upside
zero point of 
upside
right point of 
upside
left point of 
downside
zero point of 
downside
right point of
downside
theoretical
model
xσ -2.6 -4.7 -2.5 -10.8 18.5 -6.9
yσ -10.9 -17.1 -10.4 -22.9 -0.2 -18.2
ANSYS
model
xσ -4.6 -6.2 -4.4 -8.1 17.8 -4.5
yσ -17.3 -17.5 -17.9 -22.4 -0.03 -18.5
Table 1 gives the stress of the taking points calculated by numerical simulation and theoretical method,
and we can see the difference of the vertical stress of internal points is very small, also the difference of 
endpoints becomes bigger than internal points because the internal force is not absolute balance in the 
calculation of limitless board of the banding. But the horizontal stress has greater difference. In addition 
to influence of the boundary conditions, when the side of the pillar reserved, the balance of external force 
in both sides of the roof is not absolute in the numerical calculation. This leads to an additional imbalance 
torque of horizontal which caused the growth of the horizontal stress component.
6. Conclusion
Through the limitless board of the banding elastic mechanics analysis, the solution of a kind of roof 
stress calculation method is got. In the stress formula loads and pillar position and width can be selected 
according to actual situation options, which provide the basis actual situation options.
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